Abstract Fibrosis and its end-stage cirrhosis are the result of chronic inflammatory liver disease. Historically considered irreversible, fibrosis has recently been demonstrated to be reversible. In this respect, the liver is a germane model to review extracellular matrix (ECM) remodelling and the fibrotic process. Upon injury hepatic stellate cells (HSCs) become activated and produce ECM components, including fibrillar collagens. The balance between ECM deposition and ECM degradation is skewed towards deposition by an increase expression of Tissue Inhibitors of Matrix metalloproteinases (TIMPs) versus Matrix Metalloproteinases (MMPs). In experimental models of spontaneous fibrosis resolution, liver TIMP levels decrease associated with HSC apoptosis or phenotypic reversion to quiescence; macrophages play a pivotal role in fibrolytic activity by increasing the expression of MMPs, thereby facilitating ECM degradation. Further investigations on the control of ECM deposition and degradation will likely facilitate the design of effective therapies aiming at resolving fibrosis by enhancing ECM degradation.
Introduction
Fibrosis is a highly conserved protective response to repetitive or chronic tissue injury. The interaction of multiple pathways, molecules and systems determines whether fibrosis is self-limiting or whether it is uncontrolled and excessive [1 •• ] . Given the number of organs that can be affected by fibrosis it would be impossible to describe the process exhaustively in each of them. Therefore, this review will focus on mechanisms underlying the biology of the extracellular matrix in liver fibrosis, a process that we and other have shown in rodents and humans to be bidirectional. As many fibrogenic pathways are conserved across tissues, recent findings in the liver may partially be extended to studies of fibrosis in the lungs, the kidneys, the heart and other organs. Indeed, the idea that there are conserved core and regulatory pathways in fibrosis has been suggested to help identify the most promising generic anti-fibrotic targets [2] . Further the liver constitutes a useful model to define the interplay between several players of the mammalian wound-healing response including the epithelial, inflammatory, myofibroblast and extracellular matrix (ECM) components [1 •• ] . It has been recently shown that the development of liver fibrosis is a dynamic and potentially bidirectional process: both in human trials and in rodent models in which the hepatic injurious stimulus is successfully removed, spontaneous resolution of scarring is reported [3] . In this context, the physiology of ECM deposition and remodelling is of particular interest. In the case of reversible fibrosis, an uneven balance between deposition and degradation of ECM exists, while the end-stage of liver fibrosis, cirrhosis, which is incompletely reversible is characterised by the development of paucicellular scars enriched in extensively cross-linked matrix components, such as fibrillar collagen and elastin [3] , although whether these factors or others determine irreversibility has yet to be completely defined.
Key Concepts About Liver Fibrosis Establishment and Resolution
Germane to understanding of the molecular mechanisms underlying liver fibrosis establishment and resolution is the knowledge of the specific histological organisation of the organ and of the major cellular players involved.
The liver is divided into lobules in which hepatocytes are lined by sinusoidal capillaries that converge towards a central efferent vein. Liver lobules are hexagonal and at each corner of the hexagon a portal triad of vessels is located. The portal triad consists of a portal vein, a hepatic artery and a bile duct. Sinusoids are liver-specific structures that thanks to a peculiar anatomy favour the metabolite exchange to and from the liver parenchyma (or hepatocytes). Sinusoids are constituted by capillaries with fenestrated endothelial cells, behind these, in the space of Disse adjacent to the hepatocyte palisade lie hepatic stellate cells, resident macrophages (also named Kupffer cells) and large granular lymphocytes. The liver as a whole organ has a dual blood supply, via the portal vein and the hepatic artery. The former brings into the liver the venous blood from the intestines, pancreas and spleen, while the latter supplies the liver with oxygen. The portal triad is instrumental to microcirculation into lobules since the blood flows from the portal triad through a sinusoidal capillary to a central efferent vein located in the middle of the lobule [4] .
The major metabolic functions of the liver are carried out by the hepatocytes which constitute the major parenchymal mass and represent almost 60 % of the total liver cells and about 80 % of the volume of the organ. Hepatocytes are highly polarized epithelial cells: the basolateral membrane facilitates the transfer of materials to and from the fenestrated capillaries; it is exposed to across the space of Disse, while tight junctions formed between hepatocytes create a canaliculus surrounding each hepatocyte. The canaliculi deliver bile salts produced in hepatocytes to bile ducts at the portal triad. A specialised epithelial cell, the biliary epithelial cell or cholangiocyte forms the bile ducts [4] .
The hepatic stellate cell (HSC) has been described to have a pivotal effector role in fibrogenesis. In steady-state condition, HSC resides in the space of Disse and is a fat and retinoid ester storage cell. During acute and chronic injury, the quiescent HSC turns to an ''activated'' myofibroblast-like phenotype after its retinoid and lipid droplets are shed. ECM production is one of the distinctive features of activated HSC; particularly, they express and secrete fibrillar collagen and contribute to fibrotic matrix deposition. Activated HSCs also express tissue inhibitors of metalloproteinases (TIMPs) as well as chemotactic and vasoactive factors. Among these TIMP-1 is expressed at a high level and inhibits a wide range of matrix metalloproteinases (MMPs), preventing them digesting ECM components hence favouring scar accumulation [5 •• ] . To activate and perpetuate activation of HSCs, cell-matrix interactions may be important. Studies in tissue culture indicate that loss of the normal liver matrix and its replacement with a matrix rich in collagen I may promote HSC activation [6] . Also hepatocyte function can be perturbed by altered cell-matrix interactions (see below). At final stages of liver fibrosis, the architecture is completely disrupted by dense condensations of collagens form, which cross-link together the vascular structures and as a consequence the common clinical symptoms of advanced fibrosis/cirrhosis appear [7] .
The extracellular matrix in the healthy liver is composed of several classes of macromolecules which include collagens (types I, III, IV, V and VI) and the non-collagenous glycoproteins such as laminin and fibronectin amongst others and proteoglycans [8] . The normal liver sinusoid is lined by a non-electron dense basement membrane matrix composed by laminin and type IV collagen. During the fibrosis development, the healthy matrix undergoes dramatic changes. Interstitial collagens, particularly collagens I and III, replace the physiological ECM components in the space of Disse. In the early phases of fibrosis, the accumulation of fibrillar ECM is associated with a loss of endothelial fenestrae and a morphological modification of the hepatocytes that lose their microvilli. This phenomenon, known as capillarisation of the sinusoids, is the result of changes in cell-matrix interactions [8] [9] [10] . Progressively areas of hepatocyte regeneration form spheres which further distort the liver architecture. Concomitantly vascular structures are linked and angiogenesis may be observed in dense areas of scarring [8, 10] . Experimental models show a 4-to 7-fold increase in the content of collagen and glycosaminoglycans in the cirrhotic liver as compared with healthy control livers. Together with fibrillar collagens, there is an increase in non-collagenous components such as laminin and proteoglycans [8] , with cross-linking of matrix also documented [10] . In advanced fibrosis, termed cirrhosis, a dense ECM containing elastin is deposed alongside the fibrillar collagens and the noncollagenous components described. Indeed, elastin is used as a pathological marker for the presence of chronic fibrosis. Impairment of hepatic function and risk of hepatocellular cancer development are linked with the profound changes in matrix composition as described above [11] . The dramatic architectural changes lead to the development of the clinical signs and symptoms of liver cirrhosis such as portal hypertension, a leading cause of mortality among cirrhotic patients [8] .
It is important to underline that fibrosis is not an irreversible process: evidence suggests that even as fibrosis progresses matrix degradation is possible. Key to fibrosis remodelling is the action of MMPs. MMPs are a family of zinc and calcium dependent endopeptidases which are produced by connective tissue cells and inflammatory cells and have a range of activity against the major constituents of ECM including fibrillar and non-fibrillar collagens and elastin [7] . Distinct MMPs show specificity for distinct substrates, with some characterised by a more promiscuous range of targets, while others are more substrate specific. Several cell types express MMPs in the liver: hepatocytes, hepatic stellate cells, Kupffer cells and neutrophils and recruited hepatic macrophages [7, 12] . MMPs are classified on the basis of their substrate specificity. For a complete classification of MMPs, please refer to Table 1 . Collagenases are one of the sub-families in which MMPs may be grouped. They play a pivotal role in ECM remodelling since they are endowed with the ability to digest the native helix of fibrillar collagens thereby generating a gelatin susceptible to degradation by other MMPs [13] . Distinct collagenases are expressed by distinct cell types at specific stages of liver fibrosis. For example neutrophils and macrophages, both present in the liver during the early inflammatory phases of fibrosis establishment express the neutrophil collagenase, MMP-8. Inflammatory cells in the human liver express the interstitial collagenase or MMP-1, and its murine counterpart MMP-13 is produced by stellate cells and macrophages [5 •• , 14] in the rodent. Specific cell types show a distinct regulation of the same MMP. MMP-13 is a hallmark of early-activated HSC, while they lose its expression when they become fully activated. Macrophages instead express the molecule quite constantly regardless of the stage or stimulus for activation in models of liver injury. Interstitial collagenases have traditionally been considered active only against fibrillar collagen, but there are reports that gelatinase A (MMP-2) may have a similar function [5 •• ] . The stromelysins have a promiscuous substrate profile and activity against collagens, laminin and fibronectin [15] . Inflammatory cells and HSCs express stromelysins during liver fibrosis. The expression of the stromelysin(MMP-3) is linked to early activation of the HSC and it has been postulated that MMP-3 expression is responsible for basement membrane degradation in early stage of fibrogenesis. Another sub-family characterised by a wide range of substrates is the one of gelatinases. Gelatinase A (MMP-2) has activity against gelatins, collagens IV, V, VI, VII, X and XI and also some elastase and collagenase activity. Gelatinase B (MMP-9) shares a similar substrate profile but with the exception of the collagenase activity. Kupffer cells and inflammatory macrophages express MMP-9; MMP-2 has been described in activated HSCs [5 •• ] . Metalloelastase (MMP-12) is an MMP with potent elastin-degrading activity. Using experimental models in genetically modified mice, we have recently reported its expression of MMP12 by hepatic macrophages and described the degradation of elastin in models of hepatic fibrosis is dependent on this enzyme [16] .
The imbalance between fibrosis deposition and degradation in favour of the former determines the transition from a physiological to a pathological ECM composition in fibrotic liver. Tissue Inhibitors of MMPs (TIMPs) are pivotal player in the process, since they control the extracellular activity of MMPs. At present four TIMPs have been described [17] . In two rat models of liver injury in rodents, CCl 4 injection and bile duct ligation (discussed below), an up-regulation of TIMP-1 and TIMP-2 has been observed [18] . HSCs are the main producers of TIMP-1 and TIMP-2 [7] and various human liver diseases are associated with their overexpression [19] . Although TIMP-1 production could be clearly attributed to activated HSCs [20] in early stages of liver injury Kupffer cells and hepatocytes may also contribute to its production. The reported pattern of expression of TIMP-1 has been confirmed in animal models of chronic liver injury [20] [21] [22] . TIMP-1 protects newly synthesized collagen from degradation by MMPs through the binding and inhibition of activated collagenases. TIMP-1 is also able to prevent the activation of pro-MMPs [17] . And through the inhibition of MMPs, TIMP-1 is also able to prevent the induction of HSC apoptosis, a key step in fibrosis resolution phase [23] (see below). Overexpression of TIMP-1 prevents matrix degradation in progressive injury and spontaneous resolution [24] . TIMP-1 is also significantly associated with fibrogenesis in other organs such as the lung, kidney, and pancreas; for this, it has been proposed as a central molecule in the general process of fibrosis establishment and resolution [17] . TIMP-2 mRNA expression has been described in rat liver myofibroblasts, activated HSCs and Kupffer cells but not in healthy hepatocytes [25] . Acute toxic liver injury induced in rats by a single injection of CCl 4 is associated with TIMP-2 transcript expression peaking transiently after 48 h. In models of chronic toxic liver based on CCl 4 administration for 8 weeks, TIMP-2 mRNA does not increase [17] , while in bile ductal ligation (BDL)-induced fibrosis TIMP-2 mRNA is elevated after day 10, as collagen becomes laid down [21] . The requirement for TIMP-2 to activate MMP-2 has been demonstrated using TIMP-2 KO mice [26] .
Models to Study Liver Fibrosis
Our understanding of the pathogenesis of liver fibrosis has been facilitated by the use of complimentary experimental models. Models of liver fibrosis can be assigned to three broad groups, each of which has specific advantages and disadvantages [27] .
The first group includes cell culture models, instrumental to the fine study of cell behaviour and the effect of specific mediators. By extracting highly pure primary cells from normal or experimentally injured livers, sophisticated cell biology studies are possible in vitro. However, cultured cells cannot recapitulate the complexity of events that occur in vivo, deriving from the interplay of resident and incoming cells in the liver microenvironment [27] .
The second group includes human tissues taken at biopsy or following hepatic resection. Investigating human samples is fundamental to confirm findings in cell cultures and animal models. Advanced molecular techniques have enhanced significantly the amount. A major drawback of the use of human samples is that they tend to be representative of only one time point, since very reasonable ethical concerns prevent multiple sampling over time in the same patient. Moreover, data obtained at surgery or through biopsy are generally, but not exclusively, representative of fairly advanced stages of disease, and miss the very early events in fibrosis [27] . Nevertheless, a good example of the usefulness of those models is represented by large trials of antiviral therapies in chronic hepatitis B and C that have demonstrated remodelling of fibrosis and architectural restoration [3, 10, [27] [28] [29] .
To address and resolve the issues raised by the use of the first two types of model, as well as to describe a potentially dynamic process, a third type of model has proven important: Experimental animal models of liver fibrosis [27] . The biomarkers for liver insults are similar, and sometimes even identical, in humans and animals and include transaminases and other blood tests, biopsy and non-invasive imaging techniques [30] . Several approaches to induction of fibrosis have been described. Of these, CCl 4 intoxication in rats and mice is probably the most widely studied. In addition, the CCl 4 model is best characterised in terms of the histological, biochemical, cellular, and molecular changes associated with the development of fibrosis. CCl 4 can be given intraperitoneally or by oral gavage; it induces necrosis and hepatocyte apoptosis with associated hepatic stellate cell activation and tissue fibrosis. CCl 4 can be administered once to study the impact of an acute injury to liver mechanisms of tissue remodelling. Repetitive injections of CCl 4 can be used to induce bridging hepatic fibrosis (4 weeks of twice-weekly dosing), cirrhosis (8 weeks of twice-weekly dosing) and advanced micronodular cirrhosis (12 weeks of twice-weekly dosing). For each of these models, spontaneous recovery from fibrosis can be studied after cessation of CCl 4 administration. Mechanistic studies using gene knockout and transgenic animals can also be performed using CCl 4 [31] .
Cholestatic liver injury is one of the major causes of liver fibrosis and cirrhosis in patients with acute or chronic liver disease. Damage to the biliary epithelium and bile duct injury may lead to end-stage liver disease, liver failure and need for organ transplantation, and it is a life-threatening condition [30] . Bile duct ligation (BDL) is a classic experimental model for secondary biliary fibrosis [32 •• ] . BDL stimulates the proliferation of biliary epithelial cells, resulting in proliferating bile ductules, cholestasis, portal inflammation and fibrosis, and ultimately leads to liver failure [33] . BDL has been used also to study reversibility of liver fibrosis, since spontaneous resolution of biliary fibrosis has been observed in rats following biliojejunal anastomosis [33] .
Gatekeepers of Fibrosis Resolution Process

Deciphering Spontaneous Resolution of Fibrosis
Using the above models, several distinct patterns of TIMP and MMP expressions have been characterised during spontaneous resolution of fibrosis. The molecular changes observed during the phase of fibrosis resolution include a reduction in the production of fibrillar collagen and a in expression of TIMPs, resulting in a change in MMP activity [5 •• ] . Fibrillar collagen degradation results from an overall increase in liver collagenase activity; collagenases such as MMP-1, -8, -13 and -14 are likely to be responsible for key events in the initial degradation of ECM. The initial cleavage of collagen type I is in fact a key step in the process of fibrosis resolution as demonstrated in mice expressing a mutated cleavage-resistant collagen type I that cannot solve fibrosis [34] . Constant MMP-13 expression has been observed using ribonuclease protection assay during a 28-day spontaneous recovery from CCl 4 -induced liver fibrosis [35] . In a doubletransgenic mouse model with inducible liver-specific expression of TGF-b after switching off TGF-b expression, a continuous MMP-13 expression coinciding with reduced TIMP-1 expression has been observed during fibrolysis, probably as a consequence of synthesis by Kupffer cells [36] . MMP-2 has been at first considered important for fibrosis establishment being expressed by activated HSC [37] . However, expression of MMP-2 during fibrosis resolution allows immediate metalloproteinase reactivity as soon as TIMP-1 levels declined [38] . Moreover, it has been shown that pro-MMP-2 activation occurs following HSC apoptosis (a key cellular attribute of fibrosis resolution, see below) [39] . MMP-2 and MMP-14 may both exhibit gelatinolytic as well as interstitial collagenolytic properties [40, 41] . Models of CCl 4 intoxication show increased levels of expression of MMP-2 during spontaneous recovery. Results have been confirmed at protein level using zymography on total liver extracts [38, 42] . MMP-2 may also important by providing an increased gelatinolytic activity in liver fibrosis resolution contributing to the more complete degradation of partially denatured fibrillar collagens [25, 35, 43] . In several experimental models, up-regulation of MMP-9, another gelatinase, has been demonstrated at mRNA level and protein level during resolution. MMP-9 does not exhibit clear collagenase activity against fibrillar collagen I but is sharply increased at the onset of fibrolysis MMP-9; therefore, an indirect involvement of MMP-9 in fibrolysis has been hypothesised [17] . Activated HSCs rely on expression of avb3 integrin to provide themselves with pro-survival signals, since avb3 mediates cell-matrix (type I collagen) interactions [34] .
To define the specific contribution of each cell types in the expression of MMPs and TIMPs, gene array and molecular studies are useful techniques, particularly if combined with topographic location analyses such as ISH and IHC. However to define mechanistically the contribution to fibrosis establishment and resolution of individual cell types and mediators, genetically modified mice that allow cell tracking or deletion of specific cell lineages or genes have proven invaluable. One of the key defining features of spontaneous resolution of liver fibrosis is apoptosis of myofibroblast-like hepatic stellate cells [44] . Using a model of CCl 4 injection for 4 weeks in rats, it has been demonstrated that apoptosis of activated HSC is a key factor in regression of liver fibrosis. The same has been demonstrated using the BDL model in rats. Moreover it is clear that increased apoptosis of activated HSC correlates with decreased expression of TIMPs, thus tipping the balance of MMPs/TIMPs towards ECM net degradation, a key event in determining fibrosis resolution [35, 44, 45] . Activated HSC are susceptible to apoptosis, and pharmacological therapies targeting activated HSCs to undergo apoptosis have proven to be effective in vivo in reducing fibrosis in experimental models [46, 47] . In the control of activated stellate cell survival, the ECM itself may play a pivotal regulatory role. ECM is regarded as a key mediator of cell survival and proliferation. It has been demonstrated that intact collagen-1 promotes persistence of activated HSC in vivo. Additional studies in mice carrying a mutated form of collagen-1 that confers resistance to the action of collagenase demonstrate that degradation of collagen-1 is critical to induction of HSC apoptosis during recovery from liver fibrosis [34, 44, 48] . Other cell types are involved in the control of HSC activation and apoptosis. It has been demonstrated in vitro that KCs, when stimulated with LPS, induce apoptosis of HSCs via caspase 9 but not caspase 3 or 8 activation [49 • 
Recently it has been postulated that HSCs apoptosis might be one of at least two pathways leading to fibrosis regression in damaged liver. In an elegant study using a combination of quantitative polymerase chain reaction at single cell level and a transgenic mouse model that expresses a tamoxifen-inducible CreER under the control of vimentin promoter, it has been shown that activated HSCs may undergo a phonotypic reversion to a quiescent state, thereby contributing to resolution and architectural restoration during spontaneous recovery from experimental fibrosis [50] . In a parallel study using a model of CCl 4 intoxication, others have demonstrated that half of the myofibroblasts escape apoptosis during regression of liver fibrosis, down-regulate fibrogenic genes and acquire a phenotype similar to quiescent HSCs. However, differently from unstimulated quiescent HSCs, the reverted population retains the ability to more rapidly reactivate into myofibroblasts in response to fibrogenic stimuli. Inactivation of HSCs has been described to be associated with up-regulation of the anti-apoptotic genes Hspa1a/b, which participate in the survival of HSCs both in vitro and in vivo [ 
Either phenotypic conversion or apoptosis of HSC would be expected to be associated with a down-regulation of TIMPs in the liver. Consistently this has been documented in models of fibrosis recovery. However it is difficult to postulate that a cell population declining as a result of either process is the major source of MMPs, that promote ECM degradation and fibrosis regression. Further, studies in which activated HSC/myofibroblasts have been deleted via apoptosis show enhanced fibrosis remodelling, suggesting that HSC are not necessary for resolution. These observations have led to a focus on macrophages, and latterly dendritic cells, as potential sources of MMPs critical to fibrosis resolution [ 
Macrophages Plasticity in Liver Fibrosis
Cells of the monocyte/macrophage lineage are key players of the innate immune response following tissue damage (Fig. 1) . A number of experimental studies implicate macrophages in promoting hepatic inflammation and fibrosis [6, 52 •• ]. In the injured liver infiltrating macrophages are located in close proximity to areas of fibrosis and activated hepatic myofibroblasts and produce factors such as TGF-b, IL-1b, PDGF and CCL2 which in turn enhance the pro-fibrogenic gene expression of the activated HSC. Particularly, macrophagederived moieties in the pro-fibrogenic phase promote activation, proliferation, chemotaxis and survival of HSCs [53] .
CCL2 is one of the main chemoattractants for proinflammatory monocytes in the damaged area of virtually any organ. Functional studies using inhibitor of CCL2 or CCL2 knockout animals have shown a reduction of hepatic macrophage infiltration and of fibrogenesis following chronic injury. We have recently shown that macrophages may play a dual role in liver fibrosis establishment and resolution [54, 55] . An elegant paper from Karlmark and colleagues identified a subset of hepatic macrophages expressing Gr-1 at high levels on their surface and derived from recruitment of inflammatory monocytes via CCL2/ CCR2 interaction as the main population controlling the pro-fibrogenic phase [56] . However, if macrophage depletion is achieved experimentally after recruitment to the damaged liver, then fibrosis resolution is impaired. Put another way, macrophage depletion has completely opposite effects if performed in the phases of fibrosis establishment and fibrosis resolution [54] . Ramachandran et al. have defined the population of macrophages acting in the phase of fibrosis resolution as restorative macrophages (RMus). To identify the hitherto elusive RMu the authors have used the model of liver damage induced by CCl 4 injection. The RMu has been identified as a CD11B hi F4/ 80 int Ly-6C lo macrophage subset derived from infiltrating inflammatory macrophages and representing the principle MMP-expressing subset. Depletion of the RMu population results in a failure of scar remodelling. Further experiments have shown that the RMus are derived from recruited Ly-6C hi monocytes, a common origin with pro-fibrotic Ly-6C hi macrophages. This has been proposed as a evidence for a phenotypic switch in vivo that converts pro-fibrotic Fig. 1 Relationship between macrophages and ECM biology during fibrosis establishment and fibrosis resolution. During fibrogenesis, inflammatory monocytes are recruited to the inflamed liver, giving rise to the pro-fibrotic macrophage population. Pro-fibrotic macrophages express inflammatory mediators such as lI-1b, TGF-b and PDGF, which promote activation of HSCs. Activated HSCs synthesize the ECM and TIMP-1. Both TIMP-1 and ECM interactions promote persistence of the activated myofibroblast phenotype. During fibrosis resolution, there is a change in macrophage phenotype. It is still not clear if the change arises from a phenotypic switch of profibrotic macrophages or a separate recruitment of monocytes. Proresolution macrophages express MMPs that promote ECM degradation. Pro-resolution macrophages express mediators that induce activated HSCs apoptosis, leading to a reduction in ECM synthesis, loss of TIMP-1 expression and enhanced MMP activity macrophages into macrophages endowed with pro-resolution properties (RMus). Microarray profiling of the Ly-6C lo subset (RMu), compared with Ly-6C hi subset (profibrotic macrophages), has shown a phenotype outside the conventional M1/M2 classification. In fact, RMus display increased expression of MMPs (including Mmp9, Mmp12), growth factors (e.g. Igf1) and phagocytosis-related genes (e.g. Gpnmb). Confocal microscopy confirmed the postphagocytic nature of the RMu. Furthermore, the RMu phenotype has been recapitulated in vitro by the phagocytosis of cellular debris. Notably if a phagocytic behaviour is induced in vivo by the administration of liposomes, the number of RMus increases and this in turn accelerates fibrosis resolution [57 •• ] . Scar-associated macrophages are also regulated by Vascular Endothelial Growth Factor [58] in repairing liver. During fibrosis resolution, blockade of VEGF causes an impaired liver sinusoidal permeability with a consequent decrease in monocyte migration [59] .
Conclusions
Over the last 30 years our view of liver fibrosis has changed dramatically. Whereas before liver fibrosis was considered irreversible, there is now cogent evidence for significant fibrosis reversibility in both human and rodent models. In turn, these models have provided with the opportunity to dissect out the key players determining reduction of fibrosis. It is to be anticipated that this knowledge will lead to the development of specific or targeted anti-fibrotic (or, more accurately, pro-resolution) therapies.
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